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(57) Abstract 

Thermostable and acid stable a-amylases are provided as expression products of genetically engineered a-amylase genes 
isolated from microorganisms, preferably belonging to the class of Bacilli. Both chemical and enzymatic mutagenesis methods 
are e.g, the bisulphite method and enzymatic misincorporation on gapped heteroduplex DNA. The mutant a-amylases have supe- 
rior properties, e.g. improved thermostability over a broad pH range, for industrial application in starch processing and textile de- 
sizing. 
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MUTANT MICROBIAL tt- AMYLASE 8 WITH INCREASED 
THERMAL. ACID AND /OR ALKALINE STABILITY 

5 

INTRODUCTION 
Technical Field 

10 

The present invention relates to the field of genetic 
engineering and provides new DNA molecules comprising DNA 
sequences coding for enzymes with a-amylase activity. 
Specifically, mutant microbial ot-amylases are disclosed 

15 having improved characteristics for use in the degradation of 
starch, in the desizing of textile and in other industrial 
processes. The disclosed a-amylases show increased thermal, 
acid and alkaline stability which makes them ideally suited 
for performing their activity under process conditions which 

20 could hitherto not be used. 

Background of the invention 

25 Starch consists of a mixture of amylose (15-30% w/w) and 

amylopectin (70-85% w/w) . Amylose consists of linear chains 
of ct-l,4-linked glucose units having a molecular weight (MW) 
from about 60,000 to about 800,000. Amylopectin is a branched 
polymer containing a-1,6 branch points every 24—30 glucose 

30 units, its MW may be as high as 100 million. 

Sugars from starch, in the form of concentrated dextrose 
syrups, are currently produced by an enzyme catalyzed process 
involving: (1) liquefaction (or thinning) of solid starch 
with an ot-amylase into dextrins having an average degree of 

35 polymerization of about 7-10, and (2) saccharif ication of the 
resulting liquefied starch (i.e. starch hydrolysate) with 
amyl glue sidase (also called aluc amylase or AG) . The 
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resulting syrup has a high glucose content. Much of th 
glucose syrup which is commercially produced is subsequently 
enzymatically isomerized to a dextrose/ fructose mixture known 
as isosyrup. 

5 a-Amylase (EC 3.2.1,1) hydrolyzes starch, glycogen and 

related polysaccharides by cleaving internal ot-1, 4-glucosidic 
bonds at random. This enzyme has a number of important 
commercial applications in, for example the sugar r brewing, 
alcohol and textile industry. ce-Amylases are isolated from a 
10 wide variety of bacterial, fungal, plant and animal sources. 
The industrially most important a-amylases are those isolated 
from Bacilli. 

In the first step of the starch degradation process, 
starch slurry is gelatinized by heating at relatively high 

15 temperature (up to 110 * C) . The gelatinized starch is 

liquefied and dextrinized by a thermostable a-amylase in a 
continuous two stage process. The major process variables are 
starch concentration, a-amylase dose, temperature and pH. 
During the liquef action-dextrinizatibn reaction the process 

20 variables must be maintained within narrow limits to achieve 
good conversion ratios, since serious filtration problems may 
arise otherwise. See, for example, L.E. Coker and 
K. Venkatasubramanian, in: Biotechnology, p. 165-171, Ed. 
P.N. Cheremisinoff , f.b. Quellette, Technicom Publ. Corp. 

25 Lancaster Henn. 1985. One of the problems which frequently 
arises is the proper regulation of the temperature in the 
initial stage of the degradation process: overheating often 
causes denaturation of the a-amylase so that the final 
thinning is not sufficient, one way to avoid this is the use 

30 of more thermostable a-amylases. 

To that end it has been proposed to add calcium ions or 
an amphiphile (see e.g. EP-A-0189838) , but this solution 
appeared to be unsatisfactory. 

There is, therefore, still substantial interest to 

35 provide a-amylases with increased thermostability. 
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Relevant Literature 

EP-A-057976 describes the isolation of a thermostable a- 
amylase coding gene from fi. stearothermonhn^ the gene is 
5 cloned into a plasmid containing either a Bacillus or an £. 
coli origin of replication. The so obtained chimeric plasmid 
is used for producing a-amylase. The a-amylase gene was 
isolated and used without any further modification. 

EP-A-0134048 describes a method for increased commercial 
10 production inter alia of ot-amylase, by cloning and expression 
of one or more a-amylase genes in industrial Bacillus 
strains . 

EP-A-2 52 666 describes a chimeric a-amylase with the 
general formula Q-R-L in which Q is a N-terminal polypeptide 

15 of 55 to 60 amino acid residues which is at least 75 percent 
homologous to the 37 N-terminal residues of the 

^MYloliffWefaciens a-amylase, R is a given polypeptide and 
L is a C-terminal polypeptide of 390 to 400 amino acid 
residues which is at least 75 percent homologous to the 395 

20 C-terminal residues of B. lichenifoi-mis a-amylase. 

Gray et al. (J • Bacterid., 1986, 635) describe 

chimeric a-amylases formed of the NH 2 -terminal portion of £. 
stearpthermpphjjyis a-amylase and the COOH-terminal portion of 
&*liPhan^formjs a-amylase. Most of the hybrid enzyme 

25 . molecules were shown to be less stable than the parent wild- 
type enzymes. Furthermore none of the hybrid molecules was 
shown to possess improved stability properties. 

None of the references cited above describes the use of 
single amino acid replacements to obtain novel a-amylases. 

30 EP-A-0285123 discloses a method for complete mutagenesis 

of nucleic acid sequences. As an example mutagenesis of the 
£. stearothermophilue a-amylase is described. Although there 
is a suggestion that this method can be used to obtain £. 
stearQtherm,pphilu,s, a-amylase mutants with improved stability 

35 no examples are given. 
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The present invention provides mutant a-amylases and 
ways of obtaining such mutants. Said mutant a-amylases are 
5 characterized in that they differ in at least one amino acid 
from the wild-type enzyme. Furthermore, DNAs encoding these 
mutants, vectors containing these DNAs in express ionable form 
and. host cells containing these vectors are provided. 

In one aspect of the invention random mutagenesis on 
10 cloned a-amylase genes is disclosed. The mutated genes are 

expressed in a suitable host organism using a suitable vector 
system. 

In another aspect of the invention screening methods for 
mutant a-amylases are described and applied. Said methods 

15 yield more thermostable and more acid stable a-amylases. 

Furthermore, this method is used with a slight modification 
to obtain more alkaline stable a-amylases. The expression 
products of the clones so detected are isolated and purified. 
In yet another aspect of the invention a-amylases are 

20 provided with increased thermostability, these mutant a- 
amylases reduce filtration problems under application 
conditions of starch degradation. 

In a further aspect of the invention a-amylases are 
provided with increased acid stability, these reduce the 

25 formation of unfavourable by-products, such as maltulose, at 
the same time they decrease the amount of acid to be added 
before the reaction with amyloglucosidase. The new a-amylases 
possess preferably both improved properties with respect to 
thermostability and acid stability or with respect to both 

30 thermostability and alkaline stability. 

In another aspect of the invention the mutant proteins 
are shown to have a better performance under application 
conditions of starch liquefaction. The alkaline stability is 
especially useful for application in textile desizing. 

35 These aspects will be further described in the detailed 

description and in the examples hereinafter. 
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BRIEF DESCRIPTION OF THE DRAWTNflff 

Figure It Nucleotide sequence of pMa5-B 

Stanssens e£ al. , 1987, EMBO Laboratory Course 
5 Martinsried, July 1987. For description of the different 
elements see text. 

Figure 2: Nucleotide sequence o f plasmid pPROM spo2 insert 
Construction of this vector has been described in EP-A- 
10 0224294. The ot-amylase amino acid sequence is depicted below 
the triplets. Numbering starts from the first amino acid of 
the mature protein (Kuhn et al. , 1982, J. Bacterid, 149 . 
372). The SP02 promoter insert runs from position 61 to 344. 

15 Figure 3: Nucleotide sequenc e of PMaTLiafi 

This vector was constructed from pMa5-8, the insert of 
pPROM SP02 and a synthetic DNA fragment encoding the TAC 
promoter. The TAC promoter DNA fragment runs from position 
3757 to position 3859. The ce-amylase amino acid sequence is 

20 depicted below the triplets. 

Figure 4 tRestriction m ap of pMaTLiafi 

The following unique restriction enzyme sites are 
available for gap construction in the a-amylase gene: BamH I f 

25 SbbI, £3£ll, JSEHI, £lal, Earl, Sail, Eitllll, Xmalll and 
IstEII. Sequencing primers for all possible gaps have been 
synthesized in order to enable easy determination of 
mutations. Plasmid pMcTLia6 is identical with pMaTLiae except 
for the presence of an amber codon in the ampicillin gene 

30 (removes site) and the absence of an amber codon in the 

chloramphenicol gene (associated with the presence of a Pyuii 
site) . 

Figure 5; Outline of Bacillus/E. co H shuttle vector pBMa / c 
35 The (left) pMa/c section enables convenient mutagenesis 

in £. sail. The (right) Bacillus subtilis cassette contains 
the a-amylase gene (or any other Bacillus gene) plus a 



WO 91/00353 



PCT/EP90/01042 



- 6 - 

minimal replicon for propagation in £. subtil is . After 
succesful mutagenesis in £. coli the £. subtilis cassette can 
be circularized allowing the SP02 promoter to move in front 
of the a-amylase gene upon transformation into Bacillus , 

5 

Figure 6 : Restriction man of oBMa/cl 

This vector is a specific example of the mutagenesis 
expression vector outlined in Figure 5. 

(1) and (2) : multiple cloning sites. The target gene is 
10 inserted in (2) • By varying the sites at (1) and (2) 

convenient restriction sites for gapped duplex creation can 
be constructed; 

FDT : transcription terminator 

Fl.ORI : origin of replication originating from 
15 phage Fl 

E. coli OKI: origin of replication from pBR322 
BLA : ampicillin resistance gene 

CAT . : chloramphenicol resistance gene 

BAG ORI : origin of replication of pUBHO 
20 KAKAHVCXK : kanamycin (neomycin) resistance gene of 

pUBHO 

SP02 : promoter of phage SP02 

Figure 7: Restriction map of pBMa/c6Lia6 
25 The Bacillus licheniformis ot-amylase gene was 

engineered into pBHa/cl at multiple cloning site (2) of 
Figure 6. In this figure the SP02 promoter is indicated by 

(2) and the £. coli ORI is represented by (4) . 

30 Figure 8; Sequence of PhoA signal sequence fragment in t>Ma/c 

Depicted is the sequence from the EcoR l site upstream 
from the TAC-promoter up to the first amino acids of mature 
ot-amylase. The phoA amino acid sequence is shown below the 
35 DNA sequence. 
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Figure 9; Michael is-Menten plot for WT and s ns a-am V l aBa 

This plot shows the initial rate of enzyme activities 
vs. substrate concentration for WT and 2D5 a-amylase. Assay 
conditions are described in Example 8. 

5 

Figure 10; Thermo inactivat ion of WT and D7 a-amvlase 

This plot shows the half life time of both WT and D7 
a-amylase as a function of the Ca 2+ concentration at pH 5.5 
and 90.5'C. 

10 

Figure lit Thermoinactivation of WT and D7 g-amvlase 
As in Figure 10 except for the pH which is 7.0. 

Figure 12: Thermoinactivation of WT and 2D5 a-amvlaaa 
15 This plot shows half life times of both WT and 2D5 a- 

amylase as a function of Ca 2+ concentration at pH 7.0 and 
95 - C. 

Figure 13: Thermoinactivation of WT and D7 a -amvlase as a 
20 function of pH 

Figure 14; Thermoinactivation of WT and 2 D5 ot-amvlase as a 
function of pH 

25 Figure 15: DE vs final pH measured after liguef action at 
11Q°C 

DETAILED DESCRIPTION OF THE INVENTION 

30 By the term "exhibits improved properties" as used in 

connection with "mutant a-amylase" in the present description 
we mean a-amylases which have a higher enzymatic activity or 
a longer half -life time under the application conditions of 
starch liquefaction, textile desizing and other industrial 

35 processes. 

With "improved thermostability" we mean that the 
mutant enzyme retains its activity at a higher process 
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temperature, or that it performs 1 nger at the same 
temperature than the wild-type enzyme from which it 
originates. 

With "improved acid (or alkaline) stability 11 we mean 
that the mutant enzyme performs better at lower (or higher) 
pH values then the wild-type enzyme from which it was 
derived. 

It is to be understood that the improved properties 
are caused by the replacement of one or more amino acids. 



Chromosomal DNA may be isolated from an oc-amylase 
containing microorganism. Preferably a microorganism is used 
belonging to the genus Bacillus . more preferably 
£. lichgnifgrmis, still more preferably B, Uchsnlformls T5 

15 is used (see EP-A-134048) . The chromosomal DNA is digested 
with a suitable restriction enzyme and cloned into a vector. 
A number of possible ways of selection can be used e.g. 
hybridization, immunological detection and detection of 
enzymatic activity. The choice of the vector used for cloning 

20 the digested chromosomal DNA will depend on the selection 
method available. If hybridization is used no special 
precautions are needed. However, if detection is 
immunological or based on enzymatic activity the vector will 
have to contain the proper expression signals. The actual 

25 detection of clones containing a -amylase was performed on 
starch containing agar plates. After growth and incubation 
with I 2 vapor halos are detected around positive clones. As a 
next step the sequence of the gene is determined. The derived 
amino acid sequence is used for comparison with other known 

30 oe-amylase sequences to give a first impression of important 
amino acids (e.g. active-site, Ca 2 * binding, possible S-S 
bridges) . A better indication is obtained when the 3D- 
structure is determined. Since this is very laborious 
oftentimes another approach is used. In the absence of a 3D- 

35 structure prediction programs for determining the secondary 
structural elements (e.g. o-helix, 6-sheet) are successfully 
used eventually the tertiary structural elements e.g. fl- 
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barrel are determined. For a review see Janin, J. and Wodack, 
S.J., Prog. Biophys. molec. Biol. 1983, 42, 21-78. 

Valuable amino acid replacements can be envisioned. 
The stability of a protein structure is determined by the net 
5 difference in free energy between the folded and unfolded 
conformations of the protein. Since the proline residue is 
restricted to fewer conformations than the other amino acids 
the configurational entropy of unfolding a protein is 
decreased (and stability thereby increased) when an amino 
10 acid is replaced with proline. Another useful substitution is 
the glycine to alanine replacement. Residues such as 
threonine, valine and isoleucine with branched B-carbons 
restrict the backbone conformation more than non-branched 
residues. 

15 Since a part of the thermostability of certain 

proteins is due to salt bridges it may be advantageous to 
introduce lysine and arginine residues (Tomozic S.J. and 
Klibanov A.M., J. Biol. Chem. , 1988, 2£3 3092-3096). Moreover 
replacement of lysine by arginine residues may improve the 
20 stability of salt bridges since arginine is able to form an 
additional H-bond. For a review see Wigby, D.B. et al. 
Biochem. Biophys. Res. Comm. 1987, 149 . 927-929. Deamidation 
of asparagine and glutamine is mentioned to cause a serious 
disruption of the enzyme structure, replacement with non- 
25 -amide residues may avoid this disruption. Amino acid 

replacements are best made by mutagenesis at the DNA level. 

In principle mutagenesis experiments can be performed 
immediately on isolated clones. However, the insert is 
preferably cloned in a mutagenesis/expression vector. Random 
30 mutagenesis is possible and so is site-directed mutagenesis. 
In view of the huge amount of mutated clones of the former 
method, and since no 3D- structure of a-amylase is known to 
make possible an educated guess for site-directed mutagenesis 
we decided to perform "random" mutagenesis in specific 
35 regions. 

The following is a possible approach for practising 
the present invention. 
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First the gene is m dified by the introduction of 
"silent" restriction sites. Introduction of non-silent 
restriction sites is also possible. This makes possible the 
deletion of specific regions of the gene. Secondly the gene 
5 is cloned in a phasmid. This combination of a phage and a 
plasmid makes easy the production of single stranded DNA. 
Other ways of obtaining single stranded DNA are also 
possible. By hybridizing melted double-stranded vector (plus 
insert) DNA with a vector/ insert combination containing a gap 

10 in the insert, gapped heteroduplex DNA was obtained (for a 
detailed description see Morinaga, Y £fc al. 1984, 
Biotechnology, Zi 636) • 

The gap is used for chemical or enzymatic mutagenesis. 
Preferably we used the bisulphite method (Folk and 

15 Hofstetter, Cell, 1983, H, 585) and an enzymatical 
mis incorporation method are used (modified version of 
Lehtovaara et al . . Prot. Eng., 1988, Z, 63). These methods 
can be applied in such a way that every single nucleotide in 
the gap is replaced by all three other nucleotides 

20 (saturation mutagenesis). The latter method can be applied in 
several ways. In one of them a synthetic primer is hybridized 
to the gap. Subsequently an extension reaction is performed 
in which the deoxynucleotide complementary to the first 
deoxynucleotide 3* from the primer is missing. In principle 

25 all three of the other deoxynucleotides can thus be 

incorporated. This can be achieved either by using a mix of 
three deoxynucleotides or by using three separate reactions 
each containing only one deoxynucleotide. Another way of 
applying the method yields random clones. Here, four separate 

30 reactions are set up each of them containing one limiting 
deoxynucleotide. This gives second strands that stop before 
every single nucleotide. The subsequent steps can be 
performed as described above. Both the bisulphite and the 
enzymatic mutagenesis method were employed to obtain mutants. 

35 For testing the enzymatic properties it may be 

c nvenient t express the cloned genes in the same host as 
that used during mutagenesis experiments. In principle this 
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can be any host cell provided that suitable 
rautagenesis/expression vector systems for these cells are 
available. For the most part E. coli is very convenient to 
work with, for example E. coli WK6. After growth of the 
5 colonies in microtiterplates samples from the wells of these 
plates are spotted on agar plates supplemented with starch 
and buffered at different pH values. Positive clones can be 
detected by halo formation- Screening with appropriate 
buffers can be used to select for thermostability, acid 

10 stability, alkaline stability, saline stability or any other 
stability that can be screened for. 

Suitable host strains for production of mutant fl- 
amy lases include transformable microorganisms in which the 
expression of ct-amylase can be achieved. Specifically host 

15 strains of the same species or genus from which the or-amylase 
is derived, are suited, such as a Bacillus strain. Preferably 
an a-amylase negative Bacillus strain is used more preferably 
an a-amylase and protease negative Bacillus strain. 

For example fi^ licheniformis T9 has been used to 

20 produce high amounts of mutant a-amylases. 

Preferably, the a-amylases being produced are secreted 
into the culture medium (during fermentation) , which 
facilitates their recovery. Any suitable signal sequence can 
be used to achieve secretion. 

25 The expressed ct-amylase is secreted from the cells and 

can be subsequently purified by any suitable method. 
Gel filtration and Mono Q chromatography are examples of such 
methods. The isolated a-amylase was tested for thermo- 
inactivation at different Ca concentrations (0.5 - 15 mM) 

30 and over a wide pH range (5.5 - 8.0). Tests were also 

performed under application conditions. Specifically mutant 
a-amylase was tested under conditions of starch liquefaction 
at pH 5.5 and 5.25. Furthermore, applications for textile 
desizing have been tested. 

35 The properties of some of the mutants that are 

screened will be better suited under the desired performance 
conditions . 
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The present invention discloses a-amylases with 
increased thermostability, improved acid stability and 
improved alkaline stability. Generally the number of amino 
acid replacements is not important as long as the activity of 
5 the mutated protein is the same or better than that of ther 
wild-type enzyme. Mutant a-amylases differ in at least one 
amino acid from the wild-type enzyme, preferably the mutants 
differ in from 1 to 10 amino acids. Specific mutants with 
improved properties include mutant a-amylases containing one 

10 or more amino acid replacements at the following positions 
111, 133 and 149 (numbering is in accordance with the B. 
licheniformj.s a-amylase) . Among the preferable amino and 
replacements are Ala-lll-Thr, His-133-Tyr amd Thr-149-Ile. 

Such mutant enzymes show an improved performance at pH 

15 values below 6.5 and/ or above 7.5. The performance is also 
increased at high temperatures leading to an increased half- 
life-time at for example temperatures of up to no*c. 

Many of the available a-amylase products are obtained 
from bacterial sources, in particular Bacilli, e.g. £• 

20 sufrtiliS/ fi- licheniformis, £. stearothermophilus . 

B- coaaulans and amvloliauef aciens . These enzymes show a 
high degree of homology and similarity (Yuuki al. , J. 
Biochem., 1985, jig,, 1147; Nakai ima et al . f Appl. Microbiol. 
Biotechnol., 1986, 21, 355). Therefore knowledge of 

25 favourable mutations obtained from one of these a-amylases 
can be used to improve other amylases. The present invention 
provides an approach for obtaining such knowledge. 

Following is a description of the experimental methods 
used and examples to illustrate the invention. The examples 

30 are only for illustrative purpose and are therefore in no way 
intended to limit the scope of the invention. 

EXPERIMENTAL 

35 Materials and Methods 



1. General cloning techniques 
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Cloning techniques were used as described in the 
handbooks of T. Maniatis e£ aj[. , 1982 , Molecular Cloning, 
Cold Spring Harbor Laboratory; P.M. Ausubel et sJL. , 1987, 
5 Current Protocols in Molecular Biology, John Wiley & Sons 
Inc., New York; B. Perbal, 1988, A practical Guide to 
Molecular Cloning, 2nd edition, John Wiley & Sons Inc. , New 
York. These handbooks describe in detail the protocols for 
construction and propagation of recombinant DNA molecules, 
10 the procedures for making gene libraries, the procedures for 
sequencing and mutating DNA and the protocols for the 
enzymatic handling of DNA molecules. 



15 2. Chemical mutagenesis 

Cloned DNA may be treated in vitro with chemicals in 
order to introduce mutations in the DNA. If these mutations 
are directed to amino acid encoding triplet codons a mutated 

20 protein can be produced by the mutated cloned DNA. A method 
for chemical mutagenesis with the aid of sodium bisulfite is 
described by Shortle and Botstein (Methods Enzymol., 1983, 
IM# 457) . A preferable method is described by Folk and 
Hofstetter (Cell, 1983, 13, 585). Other methods for 

25 mutagenesis are described by Smith, Ann. Rev. Genet., 1985, 
19, 423. A particularly useful protocol is described by 
Ausubel et al. , ibid. 



30 3 « Mutagenesis on qapped-duplex DNA 

A method based on the gapped-duplex approach (Kramer 
et a!., 1984, Nucl. Acids Res. 12, 9441) and a phasmid 
(plasmid/phage hybrid) was used. Essentially the method rests 
35 on a gapped duplex DNA intermediate consisting of a gapped 
strand (-strand) containing a wild-type antibiotic resistance 
marker and a template strand (+ strand) carrying an amber 
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mutation in the gene conferring resistance to the antibiotic. 
After annealing, the mutagenic oligonucleotide becomes 
incorporated in the gapped strand during in vitro gap-filling 
and sealing reaction. The resultant molecules are used to 
5 transform a mismatch repair deficient (Hut S) host in which 
the linkage between the intended mutation and the antibiotic 
resistance marker is preserved. The mixed phasmid population, 
isolated from this strain, is then allowed to segregate in a 
suppressor negative host strain. Transformants are plated on 
10 antibiotic containing medium, thus imposing a selection for 
progeny derived from the gapped strand. 

The twin vector system pMa/c5-8, which was described 
by P. Stanssens ei al. (Nucl. Acids Res., 1989, 12/ 4441} is 
composed of the following elements: 
15 pos 11-105 : bacteriophage fd, terminator 

pos 121-215 : bacteriophage fd, terminator 
pos 221-307 : plasmid pBR322 (pos 2069-2153) 
pos 313-768 : bacteriophage fl, origin of replication 
(pos 5482-5943) 

20 pos 772-2571 : plasmid pBR322, origin of replication 

and B- lactamase gene 
pos 2572-2685: transposon Tn903 
pos 2519-2772: tryptophan terminator (double) 
pos 2773-3729: transposon Tn9, chloramphenicol acetyl 

25 transferase gene 

pos 3730-3803: multiple cloning site 



35 



The sequence is depicted in Figure 1« 



30 In the pMa type vector nucleotide 3409 is changed from 

6 to A, while in the pHc type vector nucleotide 2238 is 
changed from G to C, creating amber stopcodons in the acetyl 
transferase gene and B-lactamase gene, respectively, 
rendering said genes inactive. 



All sequences referred to were obtained from Genbank 
(TM) (release 54) , Nati nal Nucleic Acid Sequence Data Bank, 
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KIH USA* Plasmid pMc5-8 has been deposited under DSM 4566. To 
perform mutagen sis the target DNA fragment is cloned into 
the multiple cloning site of pHa5-8. Subsequently a gapped 
duplex between pMa5-8 containing the target DNA and pMc5-8 is 
5 constructed. 

The single strand gap, consisting of the target DNA, 
can be subjected to mutagenesis with a mutagenic oligo- 
nucleotide, with long synthetic oligonucleotides, with a low 
level of mis incorporated nucleotides, with chemicals or with 

10 enzymatic mis incorporation of nucleotides also random 

mutagenesis PGR can be applied. For a detailed description 
see Ausubel ibid, or Perbal, ibid. As an alternative 

to in vitro mutagenesis one can use in vivo mutagenesis 
either with the aid of UV-light or chemicals or by the 

15 application of an £. coli mutator strain (Fowler et al. , J. 
Bacteriol., 1986, l£2, 130). 

Mutagenic nucleotides can be synthesised using 
apparatus obtainable from Applied Bio Systems. 

20 

4. ■ Random mutanenesis bv enzymatic mis incorporation 
of nucleotides 

A pHa/pMc gapped duplex can be subjected to primer 
25 extension and misincorporation mutagenesis as originally 
described by Shortle et al. (Proc. Natl. Acad. Sci. USA, 
1982, 19, 1588) by B.C. Cunningham and J. A. Wells (Prot. 
Eng., 1987, 1, 319) a modification of this procedure is 
described by Lehtovaara et al. , (Prot. Eng., 1988, 2, 63). 
30 This method is based on controlled use of polymerases. 

Four populations of DNA molecules are first generated by 
primer elongation of a gapped duplex of pMa/pMc so that they 
terminate randomly, in the gap, but always just before a 
known type of base (before A, C, G or T, respectively) . Each 
35 of four populations is then mutagenized in a separate 

misincorporation reaction where the correct base can now be 
omitted. In this way all types of base substitution mutations 
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can be generated at every position of the gap. The use of 
sequenase (TM) (U.S. Biochemical Corporation) was preferred 
to the use of Klenow polymerase. Moreover MoMuLV reverse 
transcriptase was used instead of A.M.V. reverse 
5 transcriptase, which was used by Lehtovaara e£ ai. (ibid) . 

To ensure single site substitutions we have introduced 
the following modification to the protocol described by 
Lehtovaara ej; aJL- / ibid. In the reverse transcriptase buffer 
not three but only one misincorporating nucleotide is 

10 present. For instance the A- specific limited base elongation 
mixture is incubated in three separate reactions with 250 jam 
dCTP, 250 jiM dGTP and 250 /*M dTTP, respectively. For a 
complete set: of 4 base specific limited elongation mixtures a 
total set of 12 separate misincorporation reactions is 

15 carried out. After 1.5 hour incubation at 42 *C a chase of all 
four deoxynucleotides in a concentration of 0.5 mH is added 
and the reactions are further incubated for at least 20 
minutes at 37 *C. Samples are then further processed according 
to Lehtovaara e£ &1. (ibid.), with the modification that no 

20 counterselection to an uracil -containing DNA strand but a 
counterselection based on the pMa/c vector was applied. 



5. Production of mutant a-amvlases 

25 

Transformants of £. coli strain WK6 (Zell, R. and 
Fritz, H.J., EMBO J., 1987, £, 1809), containing an 
expression vector, harboring any one of the a-amylase 
constructs, were inoculated in TB medium (10 ml) at 30" C. TB 

30 medium consisted of 0.017H KH 2 P0 4 , 0.072H ^HP0 4 , 12 g/1 

Bactotryptpne, 2 4 g/1 Bacto yeast extract, 0.4% glycerol and 
an antibiotic (ampicillin with pHa or chloramphenicol with 
pHc constructs) • Samples of the culture were used to 
inoculate 250 ml TB in 2 liter flasks. At an OD 600 of 

35 10-12, 0.1 mM IFTG (isopropyl-fl-d-thiogalactopyranoside) 
was added and incubation continued for an ther 12 - 16 h urs. 
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6. Purification of mutant a-amvlases 

5 The cells were harvested by centrifugation and 

resuspended in buffer containing 20% sucrose at 0*C. After a 
second centrifugation the cells were resuspended in cold 
water. Cell debris was removed by a third centrifugation and 
the supernatant was brought to pH 8.0 with 20mM TRIS buffer. 

10 Caci 2 was added to a final concentration of 50mM. The 
material was heat-treated for 15 min. at 70 "C and the 
insoluble material removed by centrifugation. The supernatant 
was filtered through 0.22 p. Millipore filter and concentrated 
to l/ioth of the starting volume. 

15 Further purification was achieved using gelfiltration 

(on TSK HW-55- Merck) and Mono Q chromatography. Before 
chromatography on Mono S the pH, of the enzymatic activity 
containing fractions, was adjusted to 4.8 using sodium 
acetate, ot-amylase was eluted with 250mM NaCl. To avoid 

20 inactivation the pH was immediately adjusted to 8.0. 
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Examples 

Example i 

Molecular cloning of Bacillus lieheniformis a-amvl ase gene 

5 

Chromosomal DNA isolated from gacjUqs lieheniformis 
T5 (EP-A-134048; CBS 470.83) was digested with restriction 
enzyme Eco RI and ligated into the EcoR I site of pUBHO 
(Gryezan, T.J. , e£ al. J* Bacteriol, 1978, 134 . p 318). The 

10 ligation mixture was transformed into Bacillus subtil is 1A40 
(Bacillus Genetic Stock Center) . Neomycine resistant colonies 
were tested for a-amylase production on HI agar plates 
(DIFCO) supplemented with 0.4 g/1 starch (Zulkowsky starch, 
Merck) . After growth and incubation with I 2 vapor, a positive 

15 colony producing a large clearing halo was selected for 
further characterization. The plasmid isolated from this 
positive colony was shown to contain a 3.4 kb EcoRl-EcoRI 
fragment originating from pagjUttg UcftentformAs T5. This 
plasmid was named pGB33 (EP-A-134048; CBS 466.83). The a* 

20 amylase encoding insert was ligated to a synthetic Shine- 
Dalgamo sequence and the bacteriophage SF02 promoter 
resulting in plasmid pProm SP0 2 (see EP-A-0224294; CBS 
696.85) . The nucleotide sequence of the insert of pProm SP0 2 
as determined by the method of Sanger (Proc. Natl. Acad. Sci. 

25 U.S.A., 1977, J±, 6463) is shown in Figure 2. The sequence 
shows a single large open reading frame encoding an a- 
amylase, which is virtually identical to the a-amylase 
sequence of Bacillus lieheniformis as determined by Yuuki e£ 
aA. (ibid) . The first 29 amino acids are a signal sequence 

30 which is cleaved off during secretion of the a-amylase. 

Numbering of amino acids throughout this application refers 
to the numbering according to the mature protein. 

The Yuuki sequence differs at the following positions: 
at position 134 an Arg is present instead of Leu; at position 

35 310 a Ser is present instead of Gly; at position 320 an Ala 
is present instead of Ser. 
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Sample 3 

Construction of mutagenesis /express ion vecto rs pMaTLiafi 

5 Plasmid pEROM SP0 2 was digested with Eco RI and Bell and 

the 1.8 kb EcoR I -Bell insert was purified and cloned into 
EcoR I-BamHI digested pMa5-8. This pMa5-8 vector was before- 
hand provided with a modified multiple cloning site. The 
BamH I- Hind lll fragment running from position 3767 to position 

10 3786 in Figure 1 was exchanged for a synthetic DNA sequence 
as it reads from position 5647 to 5660 in Figure 3. This was 
carried out to render some restriction sites within the a- 
amylase gene unique. The resulting a-amylase containing pMa5- 
8 derivative was digested with Eco RI and BamHI and ligated to 

15 a synthetic DNA fragment carrying a copy of the TAC promoter 
(De Boer ei al* r Proc. Natl. Acad. Sci. U.S.A. , 1983, 80/ 
21) . The sequence of this synthetic DNA fragment is depicted 
together with the final a-amylase mutagenes is/expression 
vector pMaTLia6 in Figure 3 from position 3757 to position 

20 3859. This final a-amylase mutagenesis/ expression vector was 
completed by the introduction of several silent restriction 
sites which are intended to produce gaps in the a-amylase 
gene during mutagenesis experiments (Figure 4) . For this 
purpose the following mutations have been made using site- 

25 directed oligonucleotide mutagenesis: 

- a Spel site has been introduced by a silent 
mutation: 

T49T and S50S 

ACG — > ACT AGC — > AGT 

30 

- a Narl site has been introduced by the silent 
mutation: 

A269A 

GCG — > GCC 



- A BstE II site has been introduced just downstream 
from the TAG stop codon 
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TAGAAGAGC — > TAGGTGACC 
This a-amylase mutagenesis vector pMaTLiae is suited 
for mutagenesis with the gapped duplex method. Double 
stranded pMaTLia6 DNA prepared by digestion of suitable 
5 restriction enzymes has been annealed to single stranded 
pMcTI*ia6 DNA. 

The resulting single stranded gaps have been subjected 
to site-directed mutagenesis , to chemical mutagenesis and to 
random enzymatic mutagenesis as described in the experimental 
10 section. 

The availability of the TAC promoter in front of the 
a-amylase gene enables the inducible expression of a-amylase 
in £. by addition of IPTG. 

Plasmid pMaTLia6 in £. coli WK6 was deposited as CBS 
15 255.89 on June 2nd, 1989. 



Example 3 

20 construction of a Bacillus/E. coli shirfctie vec ^ or 

for mutagenesis and expression 

This vector enables mutagenesis of an inserted gene in 
£• coli and immediate expression in Bacillus . The strategy 
25 chosen for the construction of the vector was to combine a 

pUBHO derivative (Gryczan, ibid.) with the pMa/c twin vector 
system in such a way that: 

1. The £. subtilia cassette can be removed by a 
single restriction/religation experiment. 
30 2. Different a-amylase genes and different promoters 

can be easily cloned in this vector. 

3. After recircularisation the cloned gene will be 
under control of a suitable Bacillus promoter. 

4. During mutagenesis in £. coli the Bacillus 

35 promoter and the structural a-amylase gene are 

Physically separated preventing a possible lethal 
accumulation of a-amylase in £. coli . 
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A schematic drawing of the shuttle vector is shown in 
Figure 5. The structure of the final versi n of the vector 
pBMa/cl is depicted in Figure €. Vector pBMal has been 
deposited under number CBS 252.89, on June 2nd, 1989. The 
5 vector has been constructed as follows: 

- The Eco Rl -Sna BI fragment of pUBHO carrying the REF- 
gene and the Neo R gene was purified and cloned into 
Eco RI -Sma l digested pUC8. 

- The Eco RI -Hind lll fragment of this pUC8 derivative 
10 was cloned into EcoRI-Hindlll digested pMa5-8 

resulting in plasmid pMa5-80. 

- The BamH I- Xba l polylinker fragment was substituted 
by a synthetic fragment of DNA encoding the SP0 2 
promoter of bacteriophage SP0 2 (Williams et al. , J. 

15 Bacterid., 1981, 14£, 1162) plus restriction 

recognition sites for £ac.II, Ana l, Xho l. Sacl . Bgll, 
Mlul and Xbal . 

- The unique EcoR I site of pMa5-80 was used to insert 
a polylinker fragment constituting the following 

20 recognition sites: isojRl, Sma l. Sacl. EcoR V. sphl r 

JSEDX, Xba l and Hindlll 

For specific purposes derivatives pBMa/c2 and 
pBMa/c6 have been developed out of pBMa/cl. 

25 

- In pBHa/c2 the EcoR I -Hin dlll polylinker of pBMa/cl 
has been replaced by the corresponding polylinker of 
pUC19 . 

- In pBMa/c6 in addition the Sacll site in the right 
30 polylinker of pBMa/cl has been removed by a Klenow 

reaction. 

Site directed mutagenesis on the B. licheniformis a- 
amylase gene was performed after construction of pBMa/c6 
35 Lia6* This vector was constructed by ligating the BamH I- 
fiindlll fragment isolated from pHaTLiae into the above 
mentioned pBHa/c6 which was cleaved by BamHI and Hindlll. The 
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resulting plasmid (Figure 7) can be used to construct gapped 
duplexes for mutagenesis in £. coli . 

The resulting mutants have been expressed in Bacillus 
subtUja 1A40 (BGSC 1A40) after restriction with Sacl . 
5 religation and transformation according to Chang and Cohen 
(Mol. Gen- Genet., 1979, 111). 

10 Expression in E. c oli of correctly matnrpH 

Bacillus licheniformis a-amylasa 

Characterization of the a-amylase produced by pMaTLia 
6 (Example 2) showed that a portion of the a-amylase was 

15 incorrectly processed during secretion. NH 2 -terminal 

sequencing revealed an extra Alanine residue for a-amylase 
produced in £. coli WK 6. 

Although we have no indication that this will give 
different properties to the amylase we have replaced the a- 

20 amylase signal sequence by the alkaline phosphatase PhoA 
signal sequence. To this end a mutagenesis experiment was 
carried out so as to introduce a Fsp l restriction site in 
pMaTLia 6 at the junction of the signal peptide and the 
mature a-amylase. After £spl and BamH l digestion a synthetic 

25 DNA fragment encoding the Pho A signal sequence (Michaelis e£ 
Si. J. Bacterid., 1983, 154, 366) was inserted. The sequence 
of this construction is shown in Figure 8. a-Amylase produced 
by pMa/cTPLia6 was shown to posses the correct NH 2 -terminal 
sequence. 



30 



35 



Example 5 

Screening for stabl e a-amy] as ? 
A « Screening for acid-stable ft- amvlase mutants 

a-Amylase mutants, that perform better or worse at low 
pH than the wild-type a-amylase, can be selected by 
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comparison of halo's on starch plates buffered at different 
pH values after staining the starch with an iodine-solution. 

Method: 

5 

1. growth 

Possible mutants are grown in microtiterplates. The 
growth medium is 250 Ml Brain Heart Infusion broth (DIFCO) . 
The following additions are made: 
10 chloramphenicol 50 /xg/ml 

I.P.T.G. (SIGMA) 0.2 mH 

CaCl 2 2 mM 

Colonies are picked from agar plates with sterile toothpicks 
and inoculated in separate wells (96) of a microtiterplate. 
15 In each plate 4 wild-type colonies are included as a control. 

These microtiterplates are placed at 37 # C for 40 hours 
without shaking. 

2. Plafre test 

20 After this time period, in which the a-amylase is 

produced, 5 fxl samples are taken from each well and spotted 
on 2 different types of agar plates (144 x 140 mm). The first 
type is a rich Heart-Infusion agar plate (DIFCO) + 0.4% 
starch (Zulkowsky starch-Merck) + chloramphenicol 50 fig/ml. 
25 After incubation at 37 *C for 16 hours this plate serves as a 
storage for mutants. 

The second type of plate is the actual screening 
plate, it contains: Bacto agar (DIFCO) 1.5% 

Zulkowsky starch 0.2% 
30 Agar and starch are dissolved in synthetic tap water (STW) . 
This is: demineralised water + 
Caci 2 2 mM 
MgCl 2 l mM 
NaHCOj 2.5 mM 
35 BSA 10 fiq/nl 
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The screening plates are buffered by a 100-fold 
dilution of a 5 M stock potassium acetate buffer solution in 
this medium. pH values of the stock solutions are 4.80; 5.0 
and 5.2 at room temperature. Final pH values in the agar 
5 plate when measured are somewhat lower than those of the 

stock solutions. From each well 5 jil of culture is spotted on 
3 screening plates with different pH values. 

The pH-range is chosen in such a way that there is 
little or no activity left for the wild-type a-amylase on the 
10 plate with the lowest pH-value. 

3. colouring 

The screening plates are incubated for 2 hours at 
55 *C. After this period an I 2 solution is poured over the 
15 plates. 10 x I 2 solution contains 30 g I 2 and 70 g XI per 
liter. 

The amount of clearance of the spots is correlated 
with the residual a-amylase activity at that pH value. Those 
mutants that perform better than the wild-type controls are 
20 selected for a second round of screening. Wild-type halo's 
are very reproducible in this experiment. 

4. ffeqond screening 

Positive mutants are picked from the rich plate and 
25 purified on fresh HI plates + chloramphenicol. 4 single 
colonies are picked from each mutant and they are tested 
again in a similar way as in the first screening. In addition 
serial dilutions of these cultures are made with STW and 
these dilutions are spotted on neutral pH screening plates 
30 (pH » 7*0) . Comparison with wild-type cultures enables one to 
decide if the better performance at low pH is due to an 
overall better a-amylase production or to intrinsically more 
stable a-amylase. 

The mutants that "survive* 1 the second screening are 
35 characterized by determining the nucleotide sequence of that 
part of the gene that was subjected to mutagenesis. 
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B. Screening for alkali stable tt-amvlase 

Screening for alkali stable a-amylases is performed in 
a manner similar to the one used for acid stable a-amylase. 
5 After growth in microtiter plates 5 /il samples are taken from 
each well and spotted onto a storage plate and onto the 
actual screening plate. The latter is composed of: 

Bacto Agar (DIFCO) 1.5% 
10 Zulkowsky starch 0.2% 

and completed with demineralized water plus 



CaCl2 2 mM 

15 MgCl2 1 mM 

NaHC03 2.5 mM 

BSA 10 Mg/ml 



The screening plates are buffered with 50 mM 
20 carbonate/bicarbonate buffer, pH values are 9,0, 9.5 and 
10.0, The pH range is chosen in such a way that there is 
little or no activity of the wild-type a-amylase at the 
highest pH value. After 2 hours incubation at 55°C an l z 
solution is poored over the plates. Those mutants that give a 
25 better halo than the wild-type enzyme are selected for a 

second round of screening. This second round of screening is 
performed in a similar fashion as the screening for the acid 
stability. 

30 

C Screening for thermostable a -amvlase mi^ n ^ 

a-Amylase mutants that perform better or worse at high 
temperature than the wild-type a-amylase, can also be 
35 selected by comparison of halo*s on starch plates caused by 
the residual amylase activity in the culture broths after 
heating. 
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Method: 

1. Mutants are grown in the same way as for the 
pHscreening. 

5 

2. The mutants are replicated on HI agar plates as for 
the pH-screening. 

3. The separate wells of the microti terpl at es were closed 
10 with disposable caps (Flow laboratories) to prevent 

evaporation of the culture broths during the heating 
step. 

4. Microtiterplates were heated in a waterbath for 1 hour 
15 at 95'C. After heating the microtiterplates were 

placed in a centrifuge for collecting the total sample 
on the bottom of the microtiterplate. 

5. Screening for thermostable mutants was done as 
20 follows: 

From each well 5 pi of culture was spotted on neutral 
screeningplates (See pH-screening) . These plates were 
incubated for 1 hour at 55 *C. 

After staining the starch with the iodine solution 
25 mutants and controls can be screened for residual a- 

amylase activity by comparing clearance of the spots 
(halo's). 

In case the residual activity of the controls is too 
high, serial dilutions must be made and spotted on the 
30 screening plate to be able to discriminate for mutants 

that are more thermostable than the wild-type enzyme. 

6. Possible interesting mutants are tested further as was 
done in the pH- screening method. 

35 

A combination f screening type A or B with type C can 
be applied if a combination of properties is desired. For 
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instance after the first round of screening for alkali stable 
a-amylase, a second round of screening for thermostability 
can be performed. Those mutants that score positive in both 
tests may be selected as candidates exhibiting a combination 
5 of desired properties. 

Example 6 
Bisulphite mutagenesis of pMaTLia6 

10 

Single stranded DNA of pMaTLia6 was annealed with 
Sac II -Cla l digested pMcTLiae in order to obtain a 
heteroduplex with a gap running from position 4315 to 4569 
(Figure 3) . This heteroduplex was subjected to bisulphite 
15 mutagenesis (see experimental) . 

After transformation into £• coli WK6 mut S (Zell, R. 
and Fritz H.J., ibid) and selection on chloramphenicol 
containing agar plates (50 nq/ml) plasmid pools were isolated 
and transformed into £. fifili WK6. £. coli WK6 Mut S was 
20 deposited as CBS 472 .88, £. coli WK6 was deposited as CBS 
473.88. Resulting transformants were grown in BHI medium 
(DIFCO) containing 2.0 mM CaCl 2 , 50 ng/ml chloramphenicol and 
0.20 mM IPTG (SIGMA) during 40 hours at 37 *C in micro titer 
wells without shaking. Screening for pH stable mutants was 
25 carried out as described in Example 5. 

About 300 Cm R transformants were screened. The mutation 
frequency as determined by DNA sequencing was on average 0.4 
mutation/molecule over the gap. One acid stable mutant, D7, 
was identified after the pH screening. Sequencing of this 
30 mutant revealed mutation H133Y originating from a mutation of 
the encoding triplet from CAC to TAC. 

Mutant D7 was also found positive in the thermo- 
stability screening assay (Example 5) . 

DNA sequencing was performed on single stranded DNA 
35 with a specific oligonucleotide designed to prime just before 
the Sac II- Clal fragment. In a separate mutagenesis xperiment 
1000 Cm R transformants were screened. Another acid stable 
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10 



15 



mutant, 2D5, was identified after the pH screening. This 
mutant has the following mutations: 
H133Y CAC — > TAC 
T149I ACA — > ATA 
Bisulphite mutagenesis has been applied in a similar manner 
as just described on the filal-^aH gap which runs from 
position 4569 to position 4976 of Figure 3. About 300 Cm R 
transformants were screened (mutation frequency 0.6 
mutations/molecule) . No acid stable transformants were found. 
A number of acid labile mutants were found. Among these acid 
labile mutants some may have a shifted pH spectrum resulting 
in a more alkaline stable phenotype. 

Example 7 

Enzymatic mutagenesis of p^T T.iag 

Single stranded P MaTUa6 (Figure 4) was annealed with 
£lal-£ajj digested pMcTLiae in order to obtain a heteroduplex 
running from position 4569 to 4976 (Figure 3) . The gapped 
duplex was subjected to enzymatic mis incorporation 
mutagenesis as described in the experimental section. 

A sample obtained after dATP-limited primer elongation 
was split in three parts and incubated in the presence of 
reverse transcriptase with dCTP, dGTP and dTTP, respectively. 
After incubation at 37 -c for 10 minutes a chase with all four 
dNTP's and KXenow polymerase was given T4-DNA ligase was 
added to finish the elongation to completely double stranded 
molecules. 

These molecules were transformed into £. coli WK 6 Mut 
S and plasmid pools were recovered. These plasmid pools were 
subsequently transformed into £. coli WK 6 and the colonies 
were selected on chloramphenicol (50 fig/ml) containing agar 
plates. Resulting mutants were screened for stability of a- 
35 amylase as described in Example 5. 

In another experiment the £££l-Sac_ii gap was subjected 
to limited primer elongation with dATP, dCTP, dGTP and dTTP, 



20 



25 



30 
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respectively. These primer p ols were mutagenized by 
mis incorporation (see experimental) . 100 Cm R trans formants 
were tested on pH plates (Example 5) and mutant M29 was 
identified as more stable at low pH. The sequence of the 
mutation was determined: AillT GCG — > TCG 

Example 8 

Properties of stable mutants 



Two* of the mutants obtained from the bisulphite 
mutagenesis experiments were further characterized. As 
described before DNA sequencing suggested the following amino 
acid replacements; 
15 - D7 contained a tyrosine at position 133 instead of a 
histidine (D7 - H133Y) , 

- 2D5 contained the D7 mutation and in addition threonine 149 
was replaced by isoleucine- (2D5 =* H133Y, T149I) . 

20 a) Heasurement of enzymatic activity 

The enzymatic activity of B. licheniformis ot-amylase WT 
and mutants was measured using 4-nitrophenyl-maltopentaoside 
(4NP-DP5) as a substrate, 4 nitrophenol and maltopentaose are 

25 formed, this reaction can be followed by measuring the change 
in OD 405. The assay was performed at 35 # C in 50mM MOPS, 50mM 
NaCl, 2mM CaCl 2 (PH 7.15) and 0-lmtt 4NP-DP5. 
Initial rates were measured and E-nitrophenol was taken as 
10 , 000 1/M/cm. Figure 9 shows the results for WT and 2D5 a- 

30 amylases. vmax and Km were calculated and are given in 
Table 1. 

Vmax ( /waol/min/mg) Km (mM) 

WT 66.7 ± 0,9 0.112 ± 0.005 

35 2D5 66.3 ± 0.7 0.119 ± 0.004 



Table 1 
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Table 1 clearly shows that the mutations of a-amylase 2D5 do 
not influence the enzymatic activity in a substantial way. 

5 b) Influence of ca 2 * on the thermoinactivation 

Heat inactivation experiments were performed for WT, D7 
and 2D5 at varying calcium concentrations. The procedure was 
as follows : 

10 

1) pemetaXligatjon, 

Enzyme (2-3 mg/ml) dialyzed for 24 hrs against 
3 X 1 L 20 mM MOPS 
5 mM EDTA 
15 5 mM EGTA pH 7.0 

3 X 1 L 20mM MOPS pH 7.0 

2) ftercetallizatAon. 

20 - 500 fil buffer 100 mM (e.g. MES, MOPS, EPPS)* 

- 145 pi demetallized enzyme (e.g, 2.15 mg/ml) 

- 100 jtl CaCl 2 (100, 50, 30, 20, 10, 5 or 2.5 mM) 

- X Ml ^S0 4 (100 mM) 

- (255-x) Ml HjO 



[CaCl 2 3 final [K^OJ final 



(mM) (mM) 



30 0,25 14,75 

0,5 14,5 

1 14 

2 13 

3 12 
35 5 10 

10 0 
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- pH MES e.g. 6.77 at r am temperature will give 6.0 
at 90'C (pKa 6.15 pKa/"C « -0.011) 

- pKa were from Table of Merck 

( Z witter ionische Puf f er substanz en ) 



Heat-inactivation 

1 ml enzyme solution preincubated at room temperature 
was heated at 90. 5 'C or 95 'C in closed Pierce-vials 
(teflon coated-seals) at a concentration of about 0.2 
mg/ml- 50 /a1 samples were withdrawn at regular intervals 
between 0 and 6 hrs with a syringe and cooled on ice. 
Residual activities have been determined with 4NP-DP5 
(0.5mM). 

Half lives were determined using a single exponential 
decay fitting program (GRAPHPAD) . 

Figures 10 and 11 show the half life times of WT and 
D7 ct-amylases at pH 5.5 and 7.0 respectively as a 
function of the Ca 2+ concentration at 90.5*C, The Ca 2 * 
dependence of 2D5 has only been determined at pH 7.0 at 
95 "C (Figure 12) . It can also be seen that the Ca 
dependence of the mutants is not different from that of 
the WT. 

Thermostability of mutant a-amvlases at different pH 
values 

The pH dependence of thermoinact i v a tion for both D7 and 
2D5 has been determined at 90.5 and 95 - C respectively 
using the buffer as described above at a 1 mM Ca 2 * 
concentration. It can be concluded that the thermal 
stability of both D7 and 2D5 is greatly increased (up to 
twofold for 2D5) over the entire pH range. (Figures 13 
and 14). 
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Example 9 

Production of mutant enzymes in Bacillus 

5 Mutations in the £. licheniformis a-amylase, which 

were identified by expression in £. coli WK6 were transferred 
to a Bacillus expression vector in two different ways. 

a) With the aid of the unique restriction sites within 
10 the a-amylase gene (Figure 4) , fragments carrying 

mutations were isolated from pMaTLia6 mutants and 
subcloned into the homologous position of pBMa6.Lia6. 
The latter plasmid, which can be replicated either in 
£. coli or in Bacillus , was subsequently digested with 

15 Sac I and recircularized with T4 DNA ligase. After 

transformation into Bacillus subtilis 1A40 high level 
a-amylase production under control of the SP0 2 promoter 
was obtained* Recircularized pBHa6.Lia6 is named 
pB6.Lia6 to indicate the removal of the £. coli 

20 portion of the vector. 

b) pBHa6.I*ia6 single stranded DNA was recollected from 
coli and annealed with restriction enzyme digested 
pBMc6.Lia6 double stranded DNA in order to obtain a 

25 gapped duplex with the intended gap on the a-amylase 

gene. This gap was then subjected to site-directed 
mutagenesis with an oligonucleotide (as described in 
the experimental section) which encodes the desired 
mutation. pBHc6.Lia6 vector is then transformed into 

30 pB6.Lia6 type vector as described above. Combination 

of different single site mutation can be performed by 
method a) if mutations are in different gaps, 
preferably, however, method b) is used. 

35 The mutations of mutants D7 and 2D5 were transferred 

to pHMa6.Lia6 by method a) by exchanging the Sac II -Sal l 
fragments and a-amylase was recovered from the medium of 
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transformed Bacillus subtil is 1A40. Supematants of both 
mutants were subjected to the screening procedures of 
Examples and it was confirmed that both mutants produce a- 
amylase which is more acid stable and more thermostable than . 
5 a-amylase produced by wild-type pB6.Lia6. 

The phenotype of the a-amylase mutations in Bacillus 
is thus not different from the phenotype in E. coli . 

Ultimately pB6.Lia6 mutants have been transformed into 
Bacillus Ucfrenifprms T9, which is a protease negative, o- 

10 amylase negative derivative of Bacillus licheniformis T5, 
(EP-0253455, CBS 470.83). Host T9 has been used to produce 
high level amounts of a-amylase mutants in a homologous 
system. The removal of the chromosomal a-amylase gene renders 
this strain very suited for the production of mutant a- 

15 amylase as no contaminating wild-type a-amylase is being 

produced anymore. Enzyme recovered from this strain has been 
used for industrial application testing. The industrial use 
of mutants pB6.Lia6.2D5 and pB6.Lia6.D7 was demonstrated. 

20 

Example iq 

Application test of mutant a-amvlase under conditions of 

starch liquefaction 

25 

To test mutant a-amylase 2D5 in more realistic 
circumstances , we have purified the fermentation broth (of 
Example 9) with ultrafiltration and formulated the enzyme 
with 50% propyl eeng lycol ♦ 
30 Three samples have been tested: 

893701 : WT B. licheniformis T5 a-amylase 1530 TAU/g 
893703 : 2D5 Mutant prepared as WT 2820 TAU/g 

Haxamyl 0819 Commercial sample 7090 TAU/g 

35 One TAU (thermostable a-amylase unit) is defined as the 
quantity of enzyme that will convert under standardized 
conditions 1 mg of starch per minute in a product having an 
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equal absorption to a reference colour at 620 nm after 
reaction with iodine, standard conditions are pH 6.6; 30°C; 
reaction time : 20 min. Reference colour is 25g CoCl 2 . 61^0, 
3.84 g KjCTjby and 1 ml HC1 (1M) in 100 ml destilled H 2 0. 

5 

1. Liquefaction test at low oH (5.5 and 5.25) 

The temperature of starch slurry is increased to 110 ± 
10 0.5'C as quick as possible and kept at this temperature for 6 
minutes. 

The liquefaction is realized in continuous flow (5.4 
1/h) . 3 Samples of 135 ml (1.5 minute of liquefaction) are 
taken after 45, 60 and 75 minutes of liquefaction and kept at 
15 95 *C for two hours. After this time, 50 ml of the sample are 
acidified with 0.4 ml HgSC^ N to obtain pH 3.5 and put in 
boiling bath for 10 minutes in order to stop enzymatic 
activity before D.E. determination. 

The remaining part of the sample is cooled in order to 
20 determine residual enzymatic activity. 
Slurry composition: 

3.3 leg com starch D.S. 88% (2.904 kg dry starch). 

5.45 1 well water (40 T.H.). 

Dry substance of the slurry is 33%. 
25 pH is corrected at 5.5 with IN sulfuric acid or 

IN NaOH. 

Enzyme concentration: 4.4 TAU/gr dry starch. 

The flow rate is verified two or three times during the 

trial. 

30 

2. Determination of D.E. 



35 



Dry substance of liquefied starch is verified with a 
refractometer (about 34%). D.E. is determined with the well- 
known Lane Eynon method. The results are shown in Figure 15. 
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3. 



Resjflual 



3t*c Activity 



Residual amylase activity in liquefied starch is 
determined with a Brabender amy lo graph. 



5 



40 g potato starch 
390 ml distilled water at 50 *C 
50 ml Tris buffer 0.05 M pH 6.50 
5 ml CaCl 2 2^0 at 30 g/1 



10 



The temperature is increased to 80 *C (l,5°/ m i- n ) when 
viscosity is stabilized (10 min) 5 ml of diluted liquefied 
starch (7 g up to 50 ml with distilled water) is added, the 
decrease of viscosity after 20 minutes is measured, this 
15 decrease is a function of the enzymatic activity. A standard 
curve with known enzymatic concentration allows to estimate 
residual activity in T.A.U. 

Mutant 2D5 performs significantly better at pH < 5.5 
20 and 110 *C than WT enzyme. An improvement of 2-3 DE units at 
pH 5.25 is obtained with mutant 2D5. 



To test the industrial application of alkaline a- 
amylase mutants a test is performed on the stability at 20°C 
30 in the following solution: 



Example U 



25 



Application test of mutant a-amvlase under conditions 
of textile destaging 



1.4% 



H 2 0 2 (35%) 

Caustic Soda (100%) 

Sodium Silicate (38 Be) 

Alkylbenzene sulphonate (Lanaryl N.A.- 



1.0-1.5% 



35 



15-20 ml/1 
0.3-0.5% 



0.5-1.0% 



ICI) 

Organic stabilizer (Tinoclarite G) 
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After incubation during 2.5 hours the a-amylase mutants 
selected for their desired properties should have any 
remaining enzyme activity. 
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CLAIMS 

1. A mutant a-amylase, that is the expression product 
of a mutated DMA sequence encoding an a-amylase, 

5 characterized in that the mutant a-amylase has an amino acid 
sequence which differs at least in one amino acid from the 
wild-type enzyme and that said mutant a-amylase exhibits 
improved properties for application in the degradation of 
starch and/or textile desizing wherein the improved 
10 properties are due to the amino acid replacements. 

2. An a-amylase according to Claim 1, characterized in 
that it exhibits improved thermostability • 

15 3. An a-amylase according to Claim 1, characterized in 

that it exhibits improved stability at a pH below 6.5 and/or 
above 7.5. 

4. An a-amylase according to Claim 1, characterized in 
20 that it exhibits improved thermostability and acid stability. 

5. An a-amylase according to any one of the Claims 1- 
4, in which the original gene from which the mutant enzyme is 
derived is obtained from a microorganism, preferably a 

25 Bacillus strain. 

6. An a-amylase according to Claim 5, in which said 
gene is derived from a wild-type gene of a strain selected 
from the group consisting of £. stearothermophllus , 1. 

30 lichenifonnis and fi. a-mvlolicnief aciens . 

7. An a-amylase according to Claim 6, characterized in 
that this enzyme differs from the wild-type a-amylase 
obtainable from Bacillus l icheniformis by an amino acid 

35 replacement at one or more of the positions 111, 133 and 149 
or at corresponding positions in any homologous a-amylase. 
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8- An oc-amylase according to Claim 7, characterized in 
that it c ntains one or more of the f llowing amino acid 
replacements: Ala-lll-Thr, His-133-Tyr, Thr-149-Ile. 

5 9. A mutant gene encoding an a-amylase as defined in 

any one of Claims 1-8. 

10. An expression vector which comprises a mutant gene 
according to Claim 9. 

10 

11. A host cell harboring an expression vector 
according to Claim 10. 

12 . A host cell which is substantially incapable of 
15 producing extracellular amylolytic enzymes prior to 

transformation, characterized in that it is transformed with 
an expression vector according to Claim 10. 



13. A host cell according to Claim 12 being 1. 
20 IjcheniformlB T9. 

14. A Bacillus/E. coli shuttle vector, wherein the 
expression of the cloned gene in £. coli is made impossible 
by physical separation of the regulatory sequences from the 

25 structural gene and wherein the expression of the cloned gene 
in BftCiUus can be restored by digestion with a single 
restriction enzyme and subsequent recircularization. 

15. A method for preparing an amylolytic enzyme having 
30 improved properties for application in starch degradation or 

in textile desizing which comprises the following steps: 
mutagehizing a cloned gene encoding an amylolytic 

enzyme of interest or a fragment thereof; 

isolating the obtained mutant amylase gene or genes; 
35 introducing said mutant amylase gene or genes into a 

suitable host strain for expression and production; 
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recovering the produced mutant amylase and identifying 
those mutant amylases having improved properties for 
application in starch degradation or textile desizing. 

5 16. A process for producing a mutant a-amylase 

comprising; 

- cultivating a host cell according to any of Claims 11-13 in 
a suitable medium, 

- recovering the produced a-amylase. 

10 

17. Use of the a-amylase according to any one of the 
Claims 1-8 in starch degradation and in textile desizing. 

18. Process for the degradation of starch which 

15 comprises the use of a mutated a-amylase according to any one 
of the Claims 1-8. 

19. Process for textile desizing which comprises the 
use of a mutated a-amylase according to any one of the Claims 

20 1-8. 

20. Starch degradation composition comprising a 
mutated a-amylase according to any one of the Claims 1-8. 



25 21. Textile desizing composition comprising a mutated 

a-amylase according to any one of the Claims 1-8. 
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10 20 30 MO 50 60 

MTTCACCTCGAMGCAAGCTGATAMCCGATACM 

70 80 90 100. 110 120 

TTTTTTGGAGATTTTCAACCrrGAAAAAATTATTATTCGCAATTCCAAGCT 

130 140 150 160 170 180 

GAMGCAAGCTGATAMCCGATACAATTAMGGCTCCTrrTGGAGCCl'll'ri'llTIXjGAG 

190 200 210 220 230 240 

ATTITCMCGTGAAAAAATTArrArrCGCMTTC£MGCT 

250 260 270 280 290 300 

ATGACGGTGAAMCCTCTGACACATGCAGCTCCCGGAGACGCrrCACAGCTrGTCT 

310 320 330 340 350 360 

CGGATGCAGATCACGCGCCCTGTAGCGGCGCATTAAGCGCGGCCjQGTGTGGTGGTTACGC 

370 380 390 400 4l0 420 

GCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGC^CGCTCCTTTCGLTIUVITCCCTT 

430 440 450 460 470 480 

CCTriVrCGCCACGTTCGCCGGClTlXJCCCGrCMGCTOTAAATCGGCMGCOTCtTri'AG 

490 500 510 520 530 540 

GGTTCCGATTTAGTGL"iriACGGCACCTCC&CCCCAAA 

550 560 570 580 590 600 

CACXTTAGTGCK3CCATCGCCCTGATAGACGGTTTTTCGC 

610 620 630 640 650 660 

TCTTTAATAGTGGACTCTTGTTCCAMCTGGMCAACACTC 

670 . 680 690 700 710 720 

CnTTTGATTTATMGGGATTTrGCCXATTrCGGCCTATTGGTTAAAAMTGA 

730 740 750 760 770 780 

MCAAAMTn-MCGCGMTTOMCAAAATATTMCGTrrACMTrrGATCTGCGCTCG 

790 800 810 820 830 840 

GTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACrrCAAAGGCGffrMTACGGITATCCACA 

850 860 870 880 890 900 

GAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAAC 

910 920 93 0 940 950 960 

CGTAAAMGGCCGCGTTGCTGGCGTTTITCCATAGGCTCCGCCCCCCTGACGAGCATCAC 

970 980 990 1000 1010 1020 

AAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCG 

1030 1040 1050 1060 1070 1080 

TTrCCCCCTGG^GCTCCCTCGTGCGCTCTCCTGTTCCCACCCTGCCGCTTACCGGATAC 

1090 1100 1110 1120 1130 1140 

CTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCAATGCTCACGCTGTAGGTAT 
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1150 1160 1170 1180 1190 1200 

CTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGMCCXCCCGTTCAQ 

1210 1220 1230 1240 1250 1260 

CCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGAC 

1270 1280 1290 1300 1310 1320 

TrATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGT 

1330 1340 1350 1360 1370 1380 

GCTACAGAGTTCTTGMGTGGTGGCCrrAACTACGGCTACACTAGAAGGACACrrATnXOT 

1390 1400 1410 1420 1430 1440 

ATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAMGAGTTGCn'AGCTCI^ 

1450 1460 1470 1480 1490 1500 
AMCAMCCACCGCrrGCTAGCGGnrGGTTTTTTTGTTTGCMGCAGCAGATTACGCGCAGA 

1510 1520 1530 1540 1550 1560 
AAAAMGGATCTCAAGMGATCCTITGATCTITTCTACGGGGTC^ 

1570 1580 1590 1600 1610 1620 
GAAAACTCACGTTAAGGGATTITGGTCATGAG^TrATCAAAMGGATCTIt;ACCTAGATC 

1630 1640 1650 1660 1670 1680 

CTTTTAAATTAAAAATGMCrrTTrAMTCMTCTAAAGTATATA 

1690 1700 1710 1720 1730 1740 
GACAGTTACCMTGCTrAATCAGTGAGGCACCTATCTCAGCGATCrrGTCTATrrcdTTCA 

1750 1760 1770 1780 1790 1800 

TCCATACrTTGCCTGACTCCCCGTCGTGTAG&TMCTAC 

1810 1820 1830 1840 1850 i860 
GGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATITATCAGCA 

1870 1880 1890 1900 1910 1920 

ATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGrTGGTCCTGCMCTTTATCCGCCTCC 

1930 1940 1950 I960 1970 1980 

ATC CAGTCTATTMTrtriTGCCGGGAAGCTAGAGTAAGTAGITCG CC AGTTAATAGTTTG 

1990 2000 2010 2020 2030 2040 

CGCAACGTTGTTGCCATTGCTGCAGGCATCGTGGTGTCACGCnTJGTCCrrTTGGTATGGCT 

2050 2060 2070 2080 2090 2100 

TCATTCAGCTCCGGTITCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTrGTGCAAA 

2110 2120 2130 2140 2150 2160 

AAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGMGTMGTTGGCCGCACrrGTrA 

2170 2180 2190 2200 2210 2220 

TCACTCATGGTTATGGCAGCACTGCATMTTCTCTTACTGTCATGCCATCCGTAAGATGC 

2230 2240 2250 2260 2270 2280 
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TTTTCTGTGACTGGTGAGTACTCMCCAACrrCATTCTGAGAATAGTGTATGCGGCGACCG 

2290 2300 2310 2320 2330 23^0 

AGTTGCTCTrGCCCGGCGTCAACACGGGATAATACCGCTCCACATAGCAGAACTTTAAAA 

2350 2360 2370 2380 2390 2400 

GTGCTCATCATTGGAAMCGTrCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTG 

2410 2420 2430 2440 245 0 2460 
AGATCCAGflTCQATGTAACCCACTCGTGCACCCAACTGATCTrCAGCATCTTTrACTTrc 

2470 2480 2490 2500 2510 2520 
ACCAGCGfrTTCTGGGTGAQCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGG 

2530 2540 2550 2560 2570 2580 

GCGACACGGyW^ATGTTGAATACTCATACTCTTCCTTTTTC 

2590 2600 2610 2620 2630 2640 

TTTTATTGrrTCATGATGAllArATTTTrATCTrGTGCMTGTMCATCAG^ 

2650 2660 2670 2680 2690 2700 

CACMCqrGG OTlTbTlU AATAMTCGAACTTraCTGAg 

2710 2720 2730 2740 2750 2760 

GGTCGAATrTGCTTTCGAAAAAAAAGCCCGCTCATTAGGCGGGCTAAAAAAAAGCCCGCT 

2770 2780 2790 2800 2810 2820 

CATTAGGCGCCCTCGAATTTCTGCCATTCATCCGCTrATrATCACTrATrCAGGCGTAGC 

2830 2840 2850 2860 2870 2880 

AACCAGGCGTn'MGGGCACC^TMCTGCCTTAAAAAAATTACGCCCCGCCCTGCCACT 

2890 2900 2910 2920 2930 2940 

CATCGCAGTACTGTrGTAATrCATTAAGCATTCTGCCGACATGGAAGCCATCACAGACGG 

2950 2960 2970 2980 2990 3000 

C ATGATGAAC CTGAATCGC CAGCGX ATC AG C ACCTTGTCGCCTTGCGTATAATATITGC 

3010 3020 3030 3040 3050 3060 

CCATAGTGAAMCGGGGGCG^GAAGTTGTCCATATTCGCCACGTTTAAATCAAAACTGG 

3070 3080 3090 3100 3110 3120 

TGAMCTCACCCAGGGATTGGCTGAGACGAAAAACATATrCTCAATAAACCCTTTAGGGA 

3130 3140 3150 3160 3170 3180 
AATAGGCC AGGTTTTCACCGTAACACGC CAC ATCTTGCGAATATATGTGTAGAAACTGC C 

3190 3200 3210 3220 3230 3240 

GGAMTCGTCGTGGTATTC^CTCCAGAGCGATGAAAACGTrrCAGTn^GCTCATGCWAAA 

3250 3260 3270 3280 3290 3300 

CGGTGrrMCMGGGTGMCACTATCCCATATCACCAGCTCACCGTCTrrcATTGCCATAC 

3310 3320 3330 3340 3350 3360 
GAAATTCCGGATGAGCATTCATCAGGCGGGCAAGAATGTGAATAAAGGCCGGATAAAACT 
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3370 3380 3390 3400 3410 3420 
TGTGCTrA lUlll'Cril ACGGTCTTTAAAMGGCCCrrMTATCCAGCTAMCGCrrCTGCT 

3430 3^40 3450 3460 3470 3480 

TATAGGTACATTGAGCMCTGACTGAAATGCCTCAAMTGTTCTrrACGATGCCATTGGG 

3490 3500 3 510 3520 3530 3540 

ATATATCAACCGTGGTATATCCAGTGATTTTTTTCTCCATrTTAGCriTC 

3550 3560 3570 3580 3590 3600 
AAAATCTC GATMCTC AAAAAATACGCC CGGTAGTGATCTTATTTC ATTATGGTGAAAGT 

3610 3620 3630 3640 3650 3660 

TGGAACCTCTTACGTGCCOATCMCGTCTCATITrC C 

3670 3680 3690 3700 3710 3720 

CGGTATCMCAGGGACACCAGGATITATrrArrCTGCGMGTGATCTTCCGTCACAGGTA 

3730 3740 3750 3760 3770 3780 
TTTATTCGMGACGAAAGGGCATCGCGCGCGGGGMTTCCCGGGGATCCGTCGACCTGCA 

3790 3800 
GCCAAGCTTGGTCTAGAGGTCGA 



Fig. X (conrimied) 



WO 91/00353 PCT/EP90/01042 



10 20 30 40 50 60 

GTCTACAAACCCCTTAAAMC UlTlTrA AAGG LTXTi 'AAGCCGrCTCrrAC UllXJtTrA AG 

70 80 90 100 110 120 

GAATTCACACTGGCCTTGGTlTAAGGTTAAGATGTGGACGGAATGGGrAAAGTGTAGTAAA 

130 140 150 160 170 180 

GTACAATTMTCGGGAGCTTAGATGTCCCTTCMCATCTTATATAGAAGGGM 

190 200 210 220 230 240 

AMTGGAAATTGAMGMTTMCGAGCATACAGTAAMTTTTATATGTCTTACGGAGATA 

250 260 270 280 290 300 

TTGAAGATCGC GGTITXGAC AGAGAAGAAATrTGGXATAACCGTGAGCGCAGTGAAGAAC 

310 320 330 340 350 360 

TTTTCTGGGAAGTCATGGATGMGTTCATGAAGMGAGGAATTCGAGCTCGCCCGGGGAT 

370 380 390 400 410 420 

CCAAGGAGGTGATCTAGAGTCATGAAACAACAAAAACGGCTrTTACGCCCGArrGCTGACG 

MKQQKRLYARLLT 

430 440 450 460 470 480 

CTGTTATITGCGCTCATCriTCTrGCTGCCTCATrCTGCAGCAGCGGCGGCAAATCTTAAT 
LLFALIFLLPHSAAAAANLN 

♦1 

490 500 510 520 530 540 

GGGACGCTGATGCAGTATTTTGAATGGTACATGCCCAATGACGGCCMCATTGGAAGCGT 
GTLMQYFEWYMPNDGQHWKR 
5 

550 560 570 580 590 600 

TTGCAAMCGACTCGGCATATTTGGCTGAACACGGTATTACnXjCCGTCTGGATTCCCCCG 

L Q N D S A Y L.A EHQlTAVWIPP 
25 

610 620 630 640 650 660 

GCATATAAGGGAACGAGCCMGCGGATGTGGGCTACGGTGCTTACGACCTlTATGATrrA 

AYKGTSQADVGYGAYDLYDL 
45 

670 680 690 700 710 720 

GGGGAGtlTTCATCAAAAAGGGACGGrrCGGACAAAGTACGGCACAAAAGGAGAGCTGCAA 

GEFHQKGTVRTKYGTKGELQ 
65 

730 740 750 760 770 780 

TCTGCGATCAAMGTCTTCATTCCCGCGACATTAACGTTTACGGGGATGTGGTCATCAAC 

SAIKSLHSRDINVYGDVVIN 
85 

790 800 810 820 830 840 

CACAAAGGCGGCGCTGATGCGACCGAAGATGTAACCGCGGTTGAAGTrCGATCCCGCTGAC 

HKGGADATEDVTAVEVDPAD 
105 

850 860 870 880 890 900 

CGCAACCGCCrrMTTTCAGGAGMCACCTMTTAMGCCTGGACACATTTTCATITrCCG 

RNRVISGEHLIKAWTHFHFP 
125 

910 920 930 940 950 960 

GGCCGCGGCAGCACATACAGCGATTTTAAATGGCATTGCrrACCATT'TTGACGGAACCGAT 

GRGSTYSDFKWHWYHFDGTD 
145 
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970 980 990 1000 1010 1020 

TGGGACGAGTCCCGAAAGCTGAACCGCATCTATAAGTTTCMGGAMGGCTTGGGATTGG 

WDESRKLNRIYKF QGKAWDW 
165 

1030 1040 1050 1060 1070 1080 

GAAGTTTCCMTGAAAACGGCMCrrATGATTATTrGATGTATGCCGACATCGATr 

EVSNENGNYDYLMYADIDYD 
185 

1090 1100 1110 1120 1130 1140 

CATCCTGATGTCGCAGCAGAMTTMGAGATGGGGCACTTGGTATGCCAATGAACTGCAA 

HPDVAAEIKRWGTWYANELQ 
205 

1150 1160 1170 1180 1190 1200 

TTGQACCKjTlTCCCnrrrGATGCTGrCAM^ 

LDQPRLDAVKHIKFSFLRDW 
225 

1210 1220 1230 1240 1250 1260 

GTTMTCATGTCAGGGAAAAAACGGGGAAGGAMTGTTTACGGTA 

VNHVREKTGKEMFTVAEYWQ 
245 

1270 1280 1290 1300 1310 1320 

MTGACTTGGGCGCGCTGGAAAACTATTTGAACAAMCAAATTTTMTCATrc 

NDLGALENYLNKTNFNHSVF 
265 

1330 1340 1350 1360 1370 1380 

GACGTGCCGCTTCATTATCAGTTCCATGCTGCATCGACACAGGGAGGCGGCTATGATATG 

DVPLHYQFHAASTQGGGYDM 
285 

1390 1400 1410 1420 1430 1440 

AGGAAArrGCTGAACGGTACGGTCGTTTCCAAGCATCCGTXGAAATCGGTTACATrrGTC 

RKLLNGTVVSKHPLKSVTFV 
305 

1450 1460 1470 1480 1490 1500 
GATAACCATGATACACAGCCGGGGCMTCGCTTGAGTCGACTGTC^AMCATGGTTTAAG 

DNHDTQPGQSLESTVQTWFK 
325 

1510 15 20 1530 1540 1550 1560 

CCGCTTGCTTACGCTTTTATrCTCACMGGGAATCTGGATACCCTCAGGTTTTCTACGGG 

PLAYAFILTRESGYPQVFYG 
3^5 

1570 1580 1590 1600 1610 1620 

GATATGTACGGGACGAMGGAGACTCCCAGCGCGAAATXCCTGCCTTGAAACACAAAATT 

DMYGTKGDSQREIPALKHKI 
365 

1630 1640 1650 1660 1670 1680 

GAACCGATCTTAAMGCGAGAAMCAGTATGCGTACGGAGCACAGCATGATTATTTCGAC 

EPILKARKQYAYGAQHDYFD 
385 

1690 1700 1710 1720 1730 1740 

CACCATGACATTGTCGGrrcGACMGGGMGGCGACAGCTCGGTTGCAMTTCAGGTTTG 

HHDIVGWTREGDSSVANSGL 
405 

1750 1760 1770 1780 1790 1800 

GCGGCATTAATAACAGACGGACCCGGTGGGGCAAAGCGAATGTATGTCGGCCCGCAAAAC 

AALITDGPGGAKRMYVGRQN 
425 
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1810 1820 1830 1840 1850 i860 
GCCGGTGAGACATGGCATGACATTACCGGAAACCCrrTCGGAGCCGGTrcrrCATCMTTCG 
AQETWHDITGNRSEPVVINS 

1870 1880 1890 1900 1910 1920 
GAAGGCTGGGGAGAGTITCACGTAAACGGCGGGTCGGTITCAATTTATGTTCAAAGATAG 
EGWGEPHVNGGSVSIYVQ R 

465 W3 n 

1930 1940 1950 i960 1970 1980 

AAGAGC AGAGAGGAC GGATITCCTGAAGGAAATC C GTnTTTTATTTTGC CCGTCTTATA 

1990 2000 2010 2020 2030 2040 

AATTTCTTTGATTACATITTATMTrMTTrrMCAAAGTGTCATCAGCCCTCAGGAA^ 

2050 2060 2070 2080 2090 2100 

ACTTGCTGACAGTTTGAATCG^ 

2110 2120 2130 2140 

GTAGCAAAGAAAGCAAATGTGTCGAAAATGACGGTATCGCGGGTGATCA 
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10 20 30 40 50 60 

MTTCACCTCGAMGCAAGCTGATAMCCGATACAArrAMGGCTC L"lTn XjGAGC(n^ 

70 80 90 100 110 120 

TTTiritjGAGATITrCAACGTGAAAAMTTATTATTCGCMTTCCAAGCT 

130 140 150 160 170 180 

GAAAGCAAGCTGATAAACCGATACAATTAAAGG CimTri niA ^ 

190 200 210 220 230 240 

ATTTTCMCGTGAAAAMTTATTATrCGCMTTCCAAGCrnnT3CC^ 

250 260 270 280 290 300 

ATGACGGTGAAAACCTCTG^CACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGT 

310 320 330 340 350 360 

CGGATGCAGATCACGCGCCCTGTAGCGGCGCATTAAGCGCQGCGGGTGTGGTGGTTACGC 

370 380 390 400 410 420 

GCAGCCTGAraGCIACACrrTGCCAGCGCCCTAGCGCCCGCr^ 

430 440 450 460 470 480 

CCTTTCTCGCCACGriCGCCGGCTTTCCCX 

490 500 510 520 530 540 

GGTTCCGATTTAGTGCTTTACGGCAC CTCGACC CCAAAAAACTTGATTAGGGTGATGGTr 

550 560 570 580 590 600 

CACGTAGTGGGCCATCGC^CTGATAGACGGTITITCGCCCTITGACGTrGGAGTCCACGT 

610 620 630 640 650 660 

TCTTTAATACTGGACTCTTGTTCCAMCTGGAACMCACTCMC 

670 6 80 690 700 710 720 

CTTTTGATTTATAAGGGATITTGCCGATTTC GG CCTATTGG1TAAAAAATGAGCTGATTT 

730 740 750 760 770 780 

MCAAAAATTTAACGCGAATrnVUVCAAAATATTMCCTTrACAAOT 

790 800 810 820 830 840 

GTCGTTTCGGCTGCGGCGAGCX3GTATCAGCTCACTCAAAGGCGGTAATACGGITATCCACA 

850 860 870 880 890 900 

GAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAAC 

910 920 930 940 950 960 

CGTAAAAAGGCCGCGTTGCTGGCGTTTITCCATAGGCTCCGCCCCCCTGACGAGCATCAC 

970 980 990 1000 1010 1020 

AAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCG 

1030 1040 1050 1060 1070 1080 

TTTCCCCCTGGMGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTKCGCTTACCGGATAC 

1090 1100 1110 1120 1130 1140 

CTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTrCTCMTGCTCACGCTGTAGGTAT 

Figure 3 
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1150 1160 1170 1180 1190 1200 

CTCAGTTCGaTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGrrGCACGAACCCCCCCnTCAG 

1210 1220 1230 1240 1250 1260 

CCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGAC 

1270 1280 1290 1300 1310 1320 

TTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATCrTAGGCGGT 

1330 1340 1350 1360 1370 138O 
GCrrACAGAGTTCTTC^GTGGTGGCCTMCTACGGCTACACTAGMGGACAGTATn'GGT 

1390 1400 1410 1420 1430 1440 

ATCZrGCGCTCTGCTGAAGCCAGrrACCTTCGGfcAAM 

1450 1460 1470 1480 1490 1500 
AMCAAACCACCGCTGGTAGCGGTGGTTTTTITGTTTGCAAGCAGCAGATTACQCGCAGA 

1510 1520 1530 1540 1550 1560 
AAAAAAGGATCTC AAGAAGATC CTTTGATClTlTL"rAC GGGGTCTGACGCTCAGTGGAAC 

1570 1580 1590 1600 1610 1620 

GAAAACTCACGTTMGGGATTTTGGTCATGAGATTATCAAAMGGATCTTCACCTAGATC 

1630 1640 1650 1660 1670 1680 

CTTTTAAATTAAAAATGAACnTITAAATCMTCTAAAGTATATATGAGTAM 

1690 1700 1710 1720 1730 1740 

GAC AGTTACCAATGCTTAATCAGTGAGGCACCTATCTC AGC GATCTGTCTATTTC GTTC A 

1750 1760 1770 1780 1790 1800 

TC CATAGTTGCCTGACTCC CC GTC GTGTAGATAACTACGATACGGGAGGGCTTACCATCT 

1810 1820 1830 1840 1850 1860 
GGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGAT1TATCAGCA 

1870 1880 1890 1900 1910 1920 

ATAAACCAGCCAGCCGGMGGGCCGAGCGCAGAAGTGCrrCCTGCAACrnTATCCGCCTCC 

1930 1940 1950 I960 1970 1980 

ATCC AGTCTATrAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTC GC C AGTTAATAGITTG 

1990 2000 2010 2020 2030 2040 

CGCAACGTTGTTGCCATTGCTGCAGGCATCGTGGTGTCACGCTCGTCGTITGGrrATGGCT 

2050 2060 2070 2080 2090 2100 

TCATTCAGCTCCGGTTCCCMCGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAA 

2110 2120 2130 2140 2150 2160 

AMCCGGTTAGCTCCriTCGCrrCCTCCCATCGTTCT^ 

2170 2180 2190 2200 2210 2220 

TCACTCATGGITATGGCAGCACrrGCATMTTCTCTTACTGTCATGCCATCCGTAAGATGC 

2230 2240 2250 2260 2270 2280 
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TTITCTGTGACTGGTCAGTACTCAAC£3MGTCATTCT<^ 

2290 2300 2310 2320 2330 2340 

ACnTGCTCTTGCCCGGCGTCMCACGGGATMTACCGCCCCACATAGCAGMCTTTAAAA 

2350 2360 2370 2380 2390 ' 2400 
GTGCTCATCATTGGAAAACGTTCXTCGGGGCGAAMCTCTCMGGATCTTACCGCTGTTG 

2410 2420 2430 2440 2450 2460 
AGATCCAGrTrCGATCTAACCCACTCGTGCACCCMCTGATCntMCATCTTTTA 

2470 2480 2490 2500 2510 2520 

ACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGG 

2530 2540 2550 256 0 2570 2580 
GCGACACGGAMTGTraMTACTCATACrrCTTCCTrm 

2590 2600 2610 2620 2630 2640 

TnTATTGTTCATGATGATATATTTITATCTTGT 

2650 2660 2670 2680 2690 2700 

CACMWZTGGCTlTOlTGAATAMTCGAACm 

2710 2720 2730 2740 2750 2760 

GGTCGAATTTGCTTTCGAAAAAAMGCCCGCTCATTAGGCGGGCrrAAAAAAMGCCCGCT 

2770 2780 2790 2800 2810 2820 

CATTAGGCGGGCTCGAATTTCJTGCCATTCATCCGCTTATrATCACTTATrCAGGCGTAGC 

2830 2840 2850 2860 2870 2880 

MCCACKaCGTTrAAGGGCACCAATAACTGCCTTAAAAAAATTACGCCCCGCCCTGCCACT 

2890 2900 2910 2920 2930 2940 

CATCGCAGTACTGTTGTMTTCATTMGCATTCTGCCGACATGGAAGCCATCACAGACGG 

2950 2960 2970 2980 2990 3000 

CATGATGAACCTGAATCGCCAGCGGCATCAGCACCTTGTCCKCTTGCGTATMTATTrGC 

3010 3020 3030 3040 3050 3060 
CCATAGTGAAAACGGGGGCGAAGMGTTGTCCATATrCGCCACGTTTAAATCAAAACTGG 

3070 3080 3090 3100 3110 3120 
TGAAACTCACCCAGGGATTGGCTGAGACGAAAAACATATrCTCAATAAACCCTITAGGGA 

3130 3140 3150 3160 3170 3180 

MTAGGCCAGGTTTTCACCGTAACACGCCACATCTITGCGAATATATGrrGTAGAAAC3TGCC 

3190 3200 3210 3220 3230 3240 
GGAMTCGTCGTGGTATTCACTCCAGAGCGATGAAMCGTITCAGTTTGCTCATGGAAAA 

3250 3260 3270 3280 3290 3300 

CGGTGTAACAAGGGTGAACACTATCCCATATCACCAGCTCACCGTCnTCATTGCCATAC 

3310 3320 3330 3340 3350 336O 
GAAATTCCGGATGAGCATTCATCAGGCCXSGCMGAATGTGAATAAAGGCCGGATAAAACX 
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3370 3380 3390 3400 . 3410 3420 
TCrrGCTITATTTTTCTITACGGrrCTn'AAAMGGCCGTMTATCCAGCT 

3430 3440 3^50 3460 3470 3480 
TATAGCTACATTGAGCAACTOACTGAA^^ 

3490 3500 3510 3520 3530 3540 

ATATATCAACGGTGGTATATC CAGTGATrill'ritJlCCATTTTAGI^CCTrAGCTCCTG 

3550 3560 3570 3580 3590 3600 
AAAATCTCGATMCTCAAAAMTACGCCCGGTAGTGATCTTATTTCATTATGGTGAAAGT 

3610 3620 3630 3640 3650 3660 

TGGAACCTCTTACGTGCCGATCAACGTCTCATTTrCGCCAAAAGTTGG 

3670 3680 3690 3700 3710 3720 
CGGTATC AAC AGGGACAC CAGGATTTATTTATTCTGC GAAGTGATCTTCCGTCACAGGTA 

3730 3740 3750 3760 3770 3780 
TTTATTCGAAGACGAAAGGGCATCGCGCGCGGGGMTTCGAGCTCGAGCTTACTCCCCAT 

3790 3800 3810 3820 3830 3840 
CCCCCTGTrGACMTTMTCATCGGCTCCrrATMTGTGrrGGAATrGTGAGCGGATAACAA 

3850 3860 3870 3880 3890 3900 
TITCACACAGGAMCAGGATCCAAGGAGCrrGATCTAGAGTCATGAAACAACAAAAACGGC 

H K Q Q K R 

3910 3920 3930 3940 3950 3960 

TTTACGCCCCSATTCOTGACOTGrrrATTrGCGCrrCA 

LYARLLTLLFALIFLLPHSA 

3970 3980 3990 4 000 4010 4020 

CAGCGGCGGCAMTCTTAATGGGACGCTGATGCAGTATTTTGAATGGTACATGCCCAATG 
AAAANLNGTLMQYFEWYMPN 
♦1 

4030 4040 4050 4060 4070 4080 
ACGGCCMCATTGGAAGCGTTTGCAAAACGACTCGGCATATTrcGCTGAACACGGTATTA 
DQQHWKRLQNDSAYLAEHGI 

18 , , 

4090 4100 4110 4120 4130 4l4o 

CTGCCGTCTGGATTCCCCCGGCATATMGGGMCTACrrCAAGCGGATGTGGGCTACGGTG 
TAVWIPPAYKGTSQADVGYG 

38 

4150 4160 4170 4180 4190 4200 
CTTACGACCTTTATGATTTAGGGGAGTrTCATCAAAAAGGGACGGTTCGGACAAAGTACG 
AYDLYDLGEFHQKGTVRTKY 
58 

4210 4220 4230 4240 4250 4260 

GCACAAMGGAGAGCTGCAATCTGCGATCAAAAGTCTTCATTCCCGCGACATTAACGTIT 
GTKGELQSAIKSLHSRDINV 

78 

4270 4280 4290 4300 4310 4320 

ACGGGGATGTGGTCATCAACCACAAAGGCGGCGCTGATGCGACCGAAGATGTAACCGCGG 
Y-GDVVINHKGGADATEDVTA 

98 
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4330 4340 4350 4360 4370 4380 
TTGAAGTCGATCCCGCTQACCGCAACCGCGTAATTICAGGAGAACACCTAATTAAAGCCT 
VEVDPADRNRVISGEHLIKA 
118 

4390 4400 4410 4420 4430 4440 
GGACACATTTTCATTTTCC^GGGCGCGGCAGCACATACAGCGATTTTAAATGGCATTGGT 
WTHFHFPGRGSTYSDFKWHW 
138 

4450 4460 4470 4480 4490 4500 
ACCATTTTGACGGMCCGATTGGGACGAGTCCCGAMGCTGMCCGCATCTATMGTTTC 
YHFDGTDWDESRKLNRIYKF 
158 

4510 4520 4530 4540 4550 4560 
AAGGAMGGCTITGGGATrGGGAAGTITCCMTGAAMCGGCAACTATGA 
QGKAW DWBVSNENGNYDYLM 
178 

4570 4580 4590 4600 4610 4620 
ATGCCGACATCGATTATGACCATCCTGATGTCGCAGCAGAAATTAAGAGATGGGGCACTT 
YADIDYDHPDVAAEIKRWGT 
198 

4630 4640 4650 4660 4670 4680 
GGTATGCCAATGAACTGC AATTGGACGLf ITIU C GTCTTGATGCTGrCAAACACATTAAAT 
WYANELQLDGFRLDAVKHIK 
218 

4690 4700 4710 4720 4730 4740 
TnvmTlTGCGGCftTTCKKrETAATCATCT 

FSFLRDWVNHVREKTGKEMF 
238 

4750 4760 4770 4780 4790 4800 
CGGTAGCTGMTATTGGCAGMTGACTrGGGCGCCCTGGAAMCTATTTGAACAAAACAA 
TVAEYWQNDLGALENYLNKT 
258 

4810 4820 4830 4840 4850 4860 

ATTTTAATCATTCACrrGTTTGACGTGCCGCTrCATTATCAGTTC 

NFNHSVFDVPLHYQFHAAST 

278 

4870 4880 4890 4900 4910 4920 
AG^GAGGCGGCTrATGATATGAGGAAATTGCTGMCGCTACGGTCGTITCCAAGCATCCGT 
Q G G G Y D MRKLLNGTVVSKHP 
298 

4930 4940 4950 4960 4970 4980 

TGAAATCGGTTACATTrGTCGATMCCATGATACACAGCCGGGGCMTCGCTrGAGTCGA 
LKSVTFVDNHDTQPGQSLES 
318 

4990 5000 5010 5020 5030 5040 

CTGTCCAMCATGGTITTMGCCGCTlXiCTTACGCTTTrATTCTCACMGGGAATCrGGAT 
TVQTWFKPLAYAFILTRESG 
338 

5050 5060 5070 5080 5090 5100 
ACCCTCAGGTnTCTACGGGGATATGTACGGGACGAAAGGAGACTCCCAGCGCGAAATTC 
YPQVFYGDMYGTKGDSQREI 
358 

5110 5120 5130 5140 5150 5160 
CTGCCTTGAAACACAAMTTGAACCGATCITAAAAGCGAGAAAACAGTATGCGTACGGAG 
P-ALKHKIEPILKARKQYAYG 
378 
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5170 5180 5190 5200 5210 5220 

CACAGCATQATTATTTCGACCACCATGACATTGTCGGCTGGACAAGGGAAGGCGACAGCT 

AQHDYFDHHDIVQWTREGDS 
398 

5230 5240 5250 5260 5270 5280 

CGGTTGCAMTTCAGGTITGGCGGCATrMTMCAGACGGACCCGGTGGGGCAAAGCGAA 
SVANSGLAALITDGPGGAKR 

4ia 

5290 5300 5310 5320 5330 5340 
TGTATGTCGGCCGGCAAAACGCCGGTGAGACATGGCATGACATTACCGGAAACCGTTCGG 

MYVGRQKAGETWHDITGNRS 
438 

5350 5360 5370 5380 5390 5400 
AGCCGGTTGTCATCMTTCGGMGGCTGGGGAGAGTTTCACGTAMCGGCGGGTCGGTrT 

EPVVINSEGWGEFHVNGGSV 
458 

5410 5420 5430 5440 5450 5460 
CAATTTATGTTCAMGATAGGTG&CCAGAGAGGACGC^Tr^ 
S I Y V Q R 
478 

5470 5480 5490 5500 5510 5520 
TTTATTrrGCCCGTCTrATAMTTTCTITGATTACATTTTATAA 

5530 5540 5550 5560 5570 558O 
CrrCATCAGCCCTCAGGAAGGACTTGCTGACAGTTTGIAATCGCATAGGTAAGGCGGGGATG 

5590 5600 5610 5620 5630 5640 

AAATG GGMCGTTATCTGATGTAGC AAAGAMGCAMTGTGTCGAAAATGAC GGTATC GC 

5650 5660 5670 
GGGTGATC CTCTAGAAGAAGCTTGGTCTAGAGGTCGA 
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Figure 7 
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EcoRl 

GAATTCGACCTCGAGCTTACTCCCCATCCCCCTGITC^ 

BamHI 

ATGTGTGGAATTGTGAGCGGATMCAATTTCACACAQ 
- ->phoA 

GAGAAMTAAA CTGAMCAMC^CTArrGCACTGGCACTCTTACCCnTACT 

HKQSTIALALLPLLFT 

CCTGTGACAAAAGCG GCAAAT 
P V T K A AN 

----- > amylase 
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